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METHOD AND APPARATUS FOR REDUCING LASER SPECKLE 
USING POLARIZATION AVERAGING 

FIELD OF THE INVENTION 

The present invention relates to the field of coherently illuminated systems. 
More particularly, the present invention relates to the field of reducing speckle in 
laser illuminated systems. 

BACKGROUND OF THE INVENTION 

Coherent light illuminating a rough surface produces speckle. Reflection from 
the rough surface is referred to as diffu se reflection . Transmission through the rough 
surface is referred to as diffus e transmissio n. In the diffuse reflection or the diffuse 
transmission, light scatters in various directions. The coherent light scattered by the 
diffuse reflection or by the diffuse transmission forms an interference pattern in the 
space away from the rough surface. If viewed by a human eye, the eye will see dark 
and light in a 'granular' pattern. The granular pattern is the speckle. An intensity 
detector of an optical system will also detect the speckle if the optical system views 
the rough surface illuminated by the coherent light. 

A first speckle demonstration apparatus of the prior art is illustrated in FIG. 1. 
The first speckle demonstration apparatus 1 includes a first demonstration laser 2, a 
first diverging lens 4, and a first viewing screen 6, which are located on a first optic 
._axis.8.._The first^em 2 emits a first laser beam 10. The first 

diverging lens 4 transforms the first laser beam 10 into a divergent laser beam 12. 
The divergent laser beam 12 illuminates the first viewing screen 6 in a first large area 
14. The first viewing screen 6 diffusely reflects the divergent laser beam 12 creating 
an interference pattern. An observation plane 16 located on a second optic axis 18 
intersects the interference pattern. The observation plane 16 is the field-of-view in 
space where the eye or the optical system is focused. Note that the diverging lens 4 
aids in demonstrating the speckle but is not necessary to produce the speckle. 
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FIG. 2 is a photograph of a typical speckle pattern 17 of the prior art, which 

is illustrative of the speckle viewed at the observation plane 16. Constructive 

interference of the divergent laser beam 12 reflecting diffusely from the viewing 

screen 6 creates bright spots in the observation plane 16. Destructive interference , 

creates dark spots between the bright spots. The diffuse reflection from the viewing 
screen 6 has a random nature so the bright spots and the dark spots vary throughout 
the observation plane 16. 

_ A measure of the speckle is contrast (C). The contrast, in percent, is given by 
C = 100*Irms/ I where I is a mean intensity and Ir^s is a root mean square intensity 
fluctuation about the mean intensity. 

Goodman in "Some fundamental properties of speckle" (J. Opt. Soc. A., vol. 
66, no. 11, Nov. 1976, pp 1145-1150) teaches that the speckle can be reduced by 
superimposing N uncorrelated speckle patterns. This reduces the contrast by lA^N 
provided that the N uncorrelated speckle patterns have equal mean intensities and 
contrasts. If the N uncorrelated speckle patterns have non-equal mean intensities or 
non-equal contrasts, the speckle reduction factor will be greater than lA^. Thus, 
the 1A/N reduction factor is a best case for the speckle reduction for the N 
uncorrelated speckle patterns. 

Goodman further teaches that the uncorrelated speckle patterns can be obtained 
by means of time, space, frequency, or polarization. For example, the space means 
could be produced by a second demonstration laser, operating at the same wavelength 
asThe~fii^"deinMstfat^^^ 

axis that illuminates the first large area 14 of the first viewing screen 6. Provided 
that the first optic axis 8 and the third optic axis are separated by a sufficient angle, 
the speckle will be reduced by IA/2 . Angular separation is necessary because, if the 
second demonstration laser having a second laser beam is configured such that the 
first laser beam 10 and the second laser beam coincide, there will be no reduction in 
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the speckle provided that the tune, frequency, or polarization means are not 
employed. This is because the first demonstration laser 2 and the second 
demonstration laser produce the same speckle patterns when the angular separation is 
not present. This is despite the fact that the first demonstration laser 2 is incoherent 
with the second demonstration laser. 



Goodman further teaches that the polarization means could be a depolarizing 
screen, which reflects or transmits polarized light as randomly polarized diffuse light. 
The speckle pattern produced by the depolarizing screen differs significantly if viewed 
through a polarization analyzer while rotating the polarization analyzer. This 
indicates that two orthogonal polarization components illuminating the depolarizing 
screen produce two uncorrelated speckle patterns. Thus, if the viewing screen 6 is a 
100% depolarizing screen, the contrast is reduced by lf>/2. 

Another method known in the art for creating multiple speckle patterns is to 
move the viewing screen 6 in an oscillatory motion 19, which employs the time 
means taught by Goodman. The oscillatory motion 19 typically follows a small circle 
or a small ellipse about the optic axis 8. This causes the speckle pattern to shift 
relative to the eye or the optical system viewing the viewing screen and, thus, forms 
multiple speckle patterns over time. Though the amount of the speckle at any instant 
in time is unchanged, the eye perceives the reduced speckle provided that the speed of 
the oscillatory motion is above a threshold speed. The intensity detector of the optical 
system detects the reduced speckle provided that an exposure time is sufficiently long 
to~allow~the~specHe~ patter^ " ~ ~ 

A second speckle demonstration apparatus of the prior art is illustrated in FIG. 
3. The second speckle demonstration apparatus 20 includes a third demonstration 
laser 22, a cylindrical divergent lens 24, a scanning mirror 26, and a second viewing 
screen 28. The third demonstration laser 22 emits a third laser beam 30, which is 
coupled to the cylindrical divergent lens 24. The cylindrical divergent lens 24 
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transforms the third laser beam into a second divergent laser beam 32. The scanning 
mirror 26 reflects the second divergent laser beam 32. Thus, the second divergent 
laser beam 32 forms a line illumination 33 on the second viewing screen 28. The 
scanning mirror 26 repeatedly scans the line illumination 33 across a portion of the 
second viewing screen 28 with a scanning motion 34 having a scanning frequency. 
Thus, a second large area 36 is illuminated. If the eye or the optical system views 
the second viewing screen 28, the eye or the intensity detector will detect illumination 
across the second viewing screen 28 provided that the scanning frequency is 
sufficiently high. The eye or the intensity detector will also detect the speckle. 

Speckle is a considerable problem in many laser illuminated systems. This 
difficulty is exacerbated by a relatively slow reduction in the contrast due to the lA^ 
reduction factor. What is needed are additional methods of reducing laser speckle. 

SUMMARY OF THE INVENTION 

The present invention is a method and apparatus for reducing speckle using 
polarization averaging. A polarizing beam splitter is configured to split a first 
polarized laser output into a second polarized laser output and a third polarized laser 
output. A plurality of mirrors creates an optical path difference between the second 
polarized laser output and the third polarized laser output. The optical path difference 
is at least about a coherence length of the first polarized laser output. The second 
polarized laser output and the third polarized laser output are combined into a fourth 
laser"oulpit^The foufthrlaser^^ 

system having an intensity detector or an eye views the depolarizing screen, the 
intensity detector or the eye will detect reduced speckle. The reduced speckle is due 
to an averaging effect caused by uncorrelated speckle patterns created by the second 
polarized laser output and the third polarized laser output. 
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A first alternative embodiment of the invention functions without the optical 
path difference being at least about the coherence length. In the first alternative 
embodiment, a piezoelectric transducer driven at a sufficient frequency varies the 
optical path difference by an odd multiple of a half wavelength of the first laser 
output. Varying the optical path difference with the sufficient frequency provides the 
uncorrelated speckle patterns. Thus, the intensity detector or the eye will detect the 
reduced speckle. 

A second alternative embodiment employs the polarizing beam splitter, first 
and second quarter wave plates, first and second mirrors, and the piezoelectric 
transducer. The polarizing beam splitter splits the first polarized laser output into a 
fifth polarized laser output and a sixth polarized laser output each having linear 
polarizations. The first and second quarter wave plates convert the linear 
polarizations to circular polarizations. The first and second mirrors reflect the fifth 
polarized laser output and the sixth polarized laser output. The first and second 
quarter wave plates then convert the circular polarizations to the linear polarizations 
having rotated original polarizations by 90°. The piezoelectric transducer, coupled to 
the first mirror, varies an optical path length for the fifth polarized laser output by the 
odd multiple of the half wavelength of the first polarized laser output. The polarizing 
beam splitter combines the fifth polarized laser output and the sixth polarized laser 
output into a seventh laser output, which illuminates the depolarizing screen. By 
varying the optical path length with the sufficient frequency, the intensity detector or 
tfi^eye wilFdetect the ^duced's^eckleT ~~ ~~ 

A third alternative embodiment combines two orthogonally polarized laser 
outputs, from two lasers, into a combined laser output. The combined laser output 
illuminates the depolarizing screen. 
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A fourth alternative embodiment rotates a polarization of the first laser output 
with a rotation frequency to form a rotating polarization. The first laser output 
having the rotating polarization illuminates the depolarizing screen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an apparatus for demonstrating laser speckle of the prior art. 

FIG. 2 is a photograph of a typical laser speckle pattern of the prior art. 
FIG. 3 illustrates a second apparatus for demonstrating laser speckle of the 
prior art. 

FIG. 4 illustrates an isometric view of the preferred embodiment of the present 
invention. 

FIG. 5 illustrates a polarizing beam splitter of the present invention. 
FIG. 6 illustrates a laser and a half wave plate of the present invention. 
FIG. 7 illustrates a plan view of the preferred embodiment of the present 
invention. 

FIG. 8 illustrates a first alternative embodiment of the present invention. 
FIG. 9 illustrates a second alternative embodiment of the present invention. 
FIG. 10 illustrates a third alternative embodiment of the present invention. 
FIG. 11 illustrates a fourth alternative embodiment of the present invention. 
FIG. 12 illustrates a fifth alternative embodiment of the present invention. 
---- —FIG.-1-3 illustrates a-sixth alternative embodiment of the present inventi^ 



FIG. 14 illustrates a seventh alternative embodiment of the present invention. 

FIG. 15 illustrates an eighth alternative embodiment of the present invention. 

FIG. 16 illustrates a ninth alternative embodiment of the present invention. 

FIG. 17 illustrates a tenth alternative embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention is based on the discovery that two orthogonally 
polarized laser outputs, which are incoherent, will produce four uncorrected speckle 
patterns when illuminating a depolarizing screen. 

The preferred embodiment of the present invention is illustrated in FIG. 4. 
The preferred embodiment 37 includes a first laser 38, a half wave plate 80, a 
polarizing beam splitter 40, and the depolarizing screen 42, which are located on an 
optic axis 44. The first laser 38, having a coherence length, emits a first polarized 
laser output 46, which is a linearly polarized collimated beam. The first polarized 
laser output 46 is coupled to the polarizing beam splitter 40. The polarizing beam 
splitter 40 divides the first polarized laser output 46 into a second polarized laser 
output 48 and a third polarized laser output 49. The third polarized laser output 49 
continues along the optic axis 44. The second polarized laser output 48 is reflected 
by a first mirror 50, a second mirror 52, a third mirror 54, and a fourth mirror 56. 
-^^he first, second, third, and fourth mirrors 50, 52, 54, and 56 define a light guide. 
It will be readily apparent to one of ordinary skill in the art that more or fewer 
mirrors can be used to accomplish the objectives of the present invention. 

After reflecting from the fourth mirror 56, the second polarized laser output 
48 is reflected by the polarizing beam splitter 40, which combines the second 
polarized laser output 48 and the third polarized laser output 49 into a fourth laser 
output 58. By transmitting the second polarized laser output through the light guide, 
"the second polarizediaser output 48-has been s hifted- relative to the third- — — 

laser output 49 by an optical path difference. The fourth laser output 58 is then 
coupled to the depolarizing screen 42. The depolarizing screen 42 reflects or 

transmits the fourth laser output as randomly polarized diffiise light. If the 

depolarizing screen 42 reflects the fourth laser output 58, the depolarizing screen 42 
comprises a diffuse reflecting screen. If the depolarizing screen 42 transmits the 
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fourth laser output 58, the depolarizing screen 42 comprises a diffuse transmitting 
screen. An intensity detector of an optical system or an eye viewing the depolarizing 
screen 42 will detect reduced speckle provided that the optical path difference is at 
least a sufficient distance. 

Preferably, the sufficient distance is the coherence length. Alternatively, the 
sufficient distance is less than the coherence length but reduction in the speckle will 
be less than if the sufficient distance is at least the coherence length. 

A first partial view 59 of FIG. 4 is further illustrated in FIG. 5. The first 
partial view 59 includes the polarizing beam splitter 40, the first and second polarized 
laser outputs, 46 and 48, and the fourth laser output 58. The first polarized laser 
output 46 has a first linear polarized E (electric) field 60. The first linear polarized E 
field 60 is a combination of a second linear polarized E field 62 and a third linear 
polarized E field 64, which are orthogonal polarizations of the first linear polarized E 
field 60. Preferably, the second linear polarized E field 62 and the third linear 
polarized E field 64 have equal amplitudes. In the preferred embodiment 37 (FIG. 4) 
the equal amplitudes are obtained by rotating the half wave plate 80 about the optic 
axis 44. 

Referring to FIG. 5, the second linear polarized E field 62 is vertical and the 
third linear polarized E field 64 is horizontal. The polarizing beam splitter 40 reflects 
the first polarized laser output 46 having the second linear polarized E field 62 from a 
polarizing beam splitting reflector 66 while allowing the first polarized laser output 

having the third linear' porarized E field 64 to pass through the polarizing beam 

splitting reflector 66. Thus, the second polarized laser output 48 is the first polarized 
laser output 46 having the second linear polarized E field 62. Also, the third 
polarized laser output 49 is the first polarized laser output 46 having the third linear 
polarized E field 64. 
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The first polarized laser output 46 and the second polarized laser output 48 
define a plane of incidence relative to the polarizing beam splitting reflector 66. It is 
a convention of optics to refer to the second linear polarized E field 62 as an s- 
polarization and the third linear polarized E field 64 as a p-polarization, where the s 
indicates perpendicular to the plane of incidence and the p indicates parallel to the 
plane of incidence. It will be readily apparent to one skilled in the art that the first 
linear polarized E field 60 could be replaced by a circularly polarized E field. 

A second partial view 79 of FIG. 4 is further illustrated in FIG. 6. The 
second partial view 79 includes the first laser 38 and the half wave plate 80. A 
rotation 82 of the half wave plate 80 about the optic axis 44 rotates the first linear 
polarized E field 60 such that a polarization angle 83 is adjusted. The rotation 82 is 
used to equalize the amplitudes of the second linear polarized E field 62 and the third 
linear polarized E field 64. It will be readily apparent to one skilled in the art that 
the half wave plate 80 can be eliminated since the amplitudes of the second and third 
linear polarized E fields, 62 and 64, can be equalized by rotating the first laser 38. 

A plan view of the preferred embodiment 37 is illustrated in FIG. 7, including 
the polarizing beam splitter 40 and the first, second, third, and fourth mirrors 50, 52, 
54, and 56, which are defined as a speckle reducing arrangement 68. The polarizing 
beam splitter 40 divides the first polarized laser output 46 into the second polarized 
laser output 48 and the third polarized laser output 49. The second polarized laser 
output 48 travels a first optical path length 70 from the polarizing beam splitting 
reflector 66~to tlie fiM miff6r50~The se^^ 

second optical path length 72 from the first mirror 50 to the second mirror 52. The 
second polarized laser output 48 travels a third optical path length 74 from the second 
mirror 52 to the third mirror 54. The second polarized laser output 48 travels a 
fourth optical path length 76 from the third mirror 54 to the fourth mirror 56. The 
second polarized laser output 48 travels a fifth optical path length 78 from the fourth 



- 10- 



PATENT 

Attorney Docket No.: SLM-04300 



mirror 56 to the polarizing beam splitting reflector 66. The first, second, third, 
fourth, and fifth optical path lengths, 70, 72, 74, 76, and 78, are optical path lengths, 
each of which is a summation of geometric length times index of refraction. 

The first, second, third, fourth, and fifth optical path lengths 70, 72, 74, 76, 
and 78 define the optical path difference. It will be readily apparent to one skilled in 
the art that the second, third, and fourth optical path lengths 72, 74, and 76 may, but 
do not necessarily, lie in a plane defined by the first polarized laser output 46, the 
first optical path length 70, and the fifth optical path length 78. 

After the second polarized laser output 48 traverses the optical path difference, 
the polarizing beam splitting reflector 66 reflects the second polarized laser output 48 
such that the second polarized laser output 48 and the third polarized laser output 49 
combine to form the fourth laser output 58. The fourth laser output 58 illuminates 
the depolarizing screen 42. Preferably, the optical path difference is equal to or 
greater than the coherence length for the first laser 38. As a result, the speckle 
produced by the p-polarization and the s-polarization are incoherent. Alternatively, 
the optical path difference is less than the coherence length but this results in less 
speckle reduction because the p-polarization and the s-polarization are partially 
coherent. 

The depolarizing screen 42 produces first and second speckle patterns from the 
p-polarization, which are uncorrelated. The depolarizing screen 42 also produces 
third and fourth speckle patterns from the s-polarization, which are uncorrelated. For 
the "optical path difference being at reast'the coherence" len^^ 
and fourth speckle patterns are uncorrelated because the s-polarization and p- 
polarization are incoherent. Thus, the speckle reducing arrangement 68 and the 
depolarizing screen 42 produce a total of four uncorrelated speckle patterns. Speckle 
is theoretically reduced by a speckle reduction factor of \h/A = 1/2. The speckle 
reduction factor of 1/2 is a combination of the depolarizing screen 42, which 
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contributes a lfy/2 factor, and the speckle reducing arrangement 68, which 
contributes an additional lA^T factor. 

For the optical path difference being less than the coherence length, there is a 
partial correlation between the first and third speckle patterns and between the second 
and fourth speckle patterns since the p-polarization and the s-polarization are partially 
coherent. In this case the speckle reduction factor will be between lA/T and 1/2. 

A first alternative embodiment of the present invention is illustrated in FIG. 8. 
The first alternative embodiment 84 includes a fifth mirror 85, a sixth mirror 86, and 
a seventh mirror 88. The fifth, sixth, and seventh mirrors, 85, 86, and 88, form the 
light guide, which provides the optical path difference for the second polarized laser 
output 48. 

A second altemative embodiment of the present invention is illustrated in FIG. 

9. The second altemative embodiment 90 includes a polarization preserving fiber 
optic 92, which forms the light guide providing the optical path difference for the 
second polarized laser output 48. 

A third altemative embodiment of the present invention is illustrated in FIG. 

10. The third altemative embodiment 93 includes the first laser 38, the half wave 
plate 80, the speckle reducing arrangement 68, a cylindrical divergent lens 94, a 
scanning mirror 96, and a second depolarizing screen 100. The cylindrical divergent 
lens transforms the fourth laser output 58 into a divergent laser beam 98. The 
scanning mirror reflects the divergent laser beam 98 onto the depolarizing screen 42 
and, thus7~f6raiyxlin^^^ 

mirror scans the line illumination across the second depolarizing screen 100 with a 
sawtooth scan motion. The sawtooth scan motion has two components. In a first 
scan motion 102, the scanning mirror scans the line illumination 98 across the second 
depolarizing screen 100. In a second scan motion 104, the scanning mirror retums to 
the start of the first scan motion 102. The second scan motion 104 is much faster 
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than the first scan motion 102. The sawtooth scan motion alternately repeats the first 
scan motion 102 and the second scan motion 104. Thus, the first scan motion 102 
provides a predominant illumination of the second depolarizing screen 100. It will be 
readily apparent to one skilled in the art that other scan motions or sequences may be 
used to illuminate the second depolarizing screen 100. 

In the third alternative embodiment 93, the speckle is reduced by the four 
uncorrelated speckle patterns. The four uncorrelated speckle patterns are due to the 
combination of the second depolarizing screen 100 and the optical path difference, 
which is provided by the speckle reducing arrangement 68. 

If the first laser 38 has a long coherence length it may be difficult or 
impractical to make the optical path difference equal to or greater than the coherence 
length of the first laser 38. A fourth alternative embodiment of the present invention, 
which accounts for the long coherence length, is illustrated in FIG. 11. The fourth 
altemative embodiment 105 adds a piezoelectric transducer 106 to the preferred 
embodiment. In the fourth altemative embodiment 105, the piezoelectric transducer 
106 is coupled to the fourth mirror 56. It will be readily apparent to one skilled in 
the art that the piezoelectric transducer 106 may be coupled to the first, second or 
third mirror, 50, 52, or 54, or that the piezoelectric transducer 106 may be coupled to 
multiple mirrors. 

In the fourth altemative embodiment 105, the piezoelectric transducer 106 
moves the fourth mirror 56 such that the optical path difference is varied by an 
amplitude^ ~By^arying~tfie"<^^^^ 

third and fourth speckle patterns shift relative to the first and second speckle patterns 
and the eye, or the intensity detector, detects the reduced speckle. The sufficient 
frequency is determined by an integration time for the eye or the intensity detector. 
A first electrical signal 108 drives the piezoelectric transducer 94. The first electrical 
signal 108 is preferably an oscillating voltage driven at the sufficient frequency. It 



- 13 - 



PATENT 

Attorney Docket No.: SLM-04300 



will readily apparent to one skilled in the art that other electrical signals may be used 
to drive the piezoelectric transducer 106 including a randomly fluctuating signal. 

Preferably, the electrical signal 108 is a square wave signal. For the square 
wave signal, the amplitude is preferably an odd multiple of a half wavelength of the 
first polarized laser output 46. Alternatively, the electrical signal 108 is a non-square 
wave signal, such as a sinusoidal signal. For the non-square wave signal, the 
amplitude is preferably at least the half wavelength of the first polarized laser output 
46. 

A fifth alternative embodiment of the present invention is illustrated in FIG. 
12. The fifth alternative embodiment 109 adds the piezoelectric transducer 106 to the 
third alternative embodiment 93. In the fifth alternative embodiment 109, the optical 
path difference is not necessarily equal to or greater than the coherence length. In the 
fifth alternative embodiment 109, the piezoelectric transducer 106 varies the optical 
path difference by the odd multiple of the half wavelength of the first polarized laser 
output 46. In the fifth alternative embodiment 109, a second electrical signal 110 
drives the piezoelectric transducer 106. The second electrical signal 110 is a square 
wave voltage having a first voltage level, a second voltage level, and a square wave 
period. A difference between the first voltage level and the second voltage level 
shifts the optical path difference by the odd multiple of the half wavelength. The 
square wave period is one cycle of the first voltage level and the second voltage level. 

— ^In the fifth altemative"embodiment~109rthe first scan motion 102"and the — ~ 
second scan motion 104 is defined as a scan period. For a first scan period, the 
square wave voltage has the first voltage level. For a second scan period, 
immediately following the first scan period, the square wave voltage has the second 
voltage level. For subsequent scans, the square wave period corresponds to two scan 
periods such that, for a third scan period, the square wave voltage has the first 
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voltage level and, for a fourth scan period, the square wave voltage has the second 
voltage level. Thus, the third and fourth uncorrelated speckle patterns shift relative to 
the first and second uncorrelated speckle patterns in each pair of scan periods. The 
speckle is reduced by a combination of the depolarizing screen 100, the sawtooth scan 
motion, and the shifting third and fourth uncorrelated speckle patterns. 

A sixth alternative embodiment of the present invention is illustrated in FIG. 

13. The sixth alternative embodiment 111 adds a second laser 112 to the first laser 
38, the polarizing beam splitter 40, and the depolarizing screen 42. The first laser 38 
is configured such that the first polarized laser output 46 has an E field oriented in a 
p-polarization relative to the polarizing beam splitting reflector 66. The second laser 
112 is configured such that a fifth polarized laser output 114 has an E field oriented 
in an s-polarization relative to the polarizing beam splitting reflector 66. The 
polarizing beam splitting reflector 66 includes multilayered dielectrics that reflect the 
s-polarization and transmit the p-polarization. The first polarized laser output 46 
passes through the polarizing beam splitting reflector 66. The fifth polarized laser 
output 114 reflects from the polarizing beam splitting reflector 66. 

In the sixth alternative embodiment 111, the first polarized laser output 46 and 
the fifth polarized laser output 114 combine to form a combined laser output 115. 
The combined laser output 115 illuminates the depolarizing screen 42. Since the first 
laser 38 and the second laser 112 are incoherent with each other, the combined laser 
output 115 produces four uncorrelated speckle patterns upon illumination of the 
depdrarizing" screen 42 It will be readily apparent" to one skilled in the art" that the" 
polarizing beam splitter 40 could be replaced by a device that functions similarly to 
the multilayered dielectrics of the polarizing beam splitting reflector 66. 

A seventh alternative embodiment of the present invention is illustrated in FIG. 

14. The seventh alternative embodiment 116 includes the first laser 38, the half wave 
plate 80, the polarizing beam splitter 40, the first and second mirrors, 50 and 52, the 
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depolarizing screen 42, the piezoelectric transducer 106, the first electrical signal 108, 
and first and second quarter wave plates, 118 and 120. The polarizing beam splitter 
40 divides the first polarized laser output 46 into sixth and seventh polarized laser 
outputs, 122 and 124, having the p-polarization and the s-polarization, respectively. 
The first and second quarter wave plates, 118 and 120, have first and second optic 
axes oriented at 45'' to the p-polarization and the s-polarization of the sixth and 
seventh polarized laser outputs, 122 and 124, respectively. The first and second 
quarter wave plates, 118 and 120, convert the p-polarization and the s-polarization 
polarizations of the sixth and seventh polarized laser outputs, 122 and 124, 
respectively, to circular polarizations. The first and second mirrors, 50 and 52, 
reflect the sixth and seventh polarized laser outputs, 122 and 124. The piezoelectric 
transducer 106, driven by the first electrical signal 108, varies a sixth optical path 
length for the sixth polarized laser output 122 by the amplitude. The first electrical 
signal 108 is preferably the oscillating voltage driven at the sufficient frequency. 

Upon the sixth and seventh polarized laser outputs, 122 and 124, returning to 
the first and second quarter wave plates, 118 and 120, the first and second quarter 
wave plates, 118 and 120, convert the sixth and seventh polarized laser outputs, 122 
and 124, to the s-polarization and the p-polarization, respectively. The polarizing 
beam splitter 40 reflects the sixth polarized laser output 122 and transmits the seventh 
polarized laser output 124, thus forming an eighth laser output 126, which illuminates 
the depolarizing screen 42. The speckle is reduced by two pairs of uncorrelated 
speclde patternsrwhich-are further uncorrelated by varying the 
length by the amplitude. 

An eighth alternative embodiment is illustrated in FIG. 15. The eighth 
alternative embodiment 130 includes the first and second lasers, 38 and 112, a 
birefringent crystal 132, and the depolarizing screen 42. The first laser 38 has a 
fourth linear polarized E field 134. The second laser 112 has a fifth linear polarized 
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E field 136. The birefringent crystal 132 is oriented such that the first polarized laser 
output 46 becomes an extraordin ary ray within the birefringent crystal 132 and further 
such that the fifth polarized laser output 114 becomes an ordinary ray within the 
birefringent crystal 132. Upon exiting from the birefringent crystal 132, the first and 
fifth polarized laser outputs, 46 and 114, have combined to form the combined laser 
output 115. The combined laser output 115 illuminates the depolarizing screen 42. 

A ninth alternative embodiment is illustrated in FIG. 16. The ninth alternative 
embodiment 140 includes the first laser 38, a polarization rotator 142, and the 
depolarizing screen 42. In the ninth alternative embodiment 140, the polarization 
rotator 142 is driven by a third electrical signal 144. The polarization rotator 142 
rotates a polarization of the first polarized laser output 46 to form a ninth laser output 
146 having a rotating polarization. The ninth laser output illuminates the depolarizing 
screen 42. The ninth laser output 146 having the rotating polarization produces the 
four uncorrected speckle patterns. Provided that a rotation frequency is sufficient, 
the eye or the intensity detector averages the four uncorrelated speckle patterns and, 
thus, the eye or the intensity detector detects the reduced speckle. The polarization 
rotator 142 is preferably an electro-optic polarization rotator such as a liquid crystal 
polarization rotator, a Pockels cell, or a Kerr cell. Alternatively, the polarization 
rotator is a half wave plate that is mechanically rotated. 

A tenth alternative embodiment of the present invention is illustrated in FIG. 
17. The tenth alternative embodiment 150 includes the first laser 38, the half wave 
-plate SOrthe polarizing beam splitter 40 , "the first and second mirrors ,~50"and~527the~ 
depolarizing screen 42, and the first and second quarter wave plates, 118 and 120. 
The polarizing beam splitter 40 divides the first polarized laser output 46 into a tenth 
polarized laser output 152 and an eleventh polarized laser output 154 having the p- 
polarization and the s-polarization, respectively. The polarizing beam splitter 40 
transmits the tenth polarized laser output 152 toward the first quarter wave plate 118. 
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The polarizing beam splitter reflects the eleventh polarized laser output 154 toward 
the depolarizing screen 42. 

The first quarter wave plate 118 has the first optic axis oriented at 45° to the 
p-polarization of the tenth polarized laser output 152. The first quarter wave plate 
118 converts the p-polarization of the tenth polarized laser output 152 to the circular 
polarization. The first muror 50 reflects the tenth polarized laser output 152. Upon 
the tenth polarized laser output 152 returning to the first quarter wave plate 1118, the 
first quarter wave plate converts the circular polarization to the s-polarization. Thus, 
the tenth polarized laser output 152 travels a seventh optical path length from the 
polarizing beam splitter reflector 66 to the first mirror 50 and back to the polarizing 
beam splitter reflector 66. The polarizing beam splitter 40 then reflects the tenth 
polarized laser output 152 toward the second quarter wave plate 120. 

The second quarter wave plate 120 has the second optic axis oriented at 45° to 
the s-polarization of the tenth polarized laser output 152. The second quarter wave 
plate 120 converts the s-polarization of the tenth polarized laser output 152 to the 
circular polarization. The second mirror 52 reflects the tenth polarized laser output 
152. Upon the tenth polarized laser output 152 returning to the second quarter waver 
plate 120, the second quarter wave plate 120 converts the circular polarization to the 
p-polarization. Thus, the tenth polarized laser output 152 travels an eighth optical 
path length from the polarizing beam splitter reflector 66 to the second mirror 52 and 
back to the polarizing beam splitter reflector 66. 

The"polarizing beam splitter"40 transmits the tenth" polarized laser output-l 52 
and, thus, combines the tenth polarized laser output 152 and the eleventh polarized 
laser output 154 to form the fourth laser output 58 having the optical path difference 
between the tenth polarized laser output 152 and the eleventh polarized laser output 
154. The seventh and eighth optical path lengths define the light guide for the optical 
path difference. Preferably, the optical path difference is at least the coherence 
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length. The fourth laser output 58 illuminates the depolarizing screen 42 and, thus, 
the speckle is reduced by the four uncorrected speckle patterns. 

It will be readily apparent to one skilled in the art that in the tenth alternative 
embodiment 150, the first and second quarter wave plates, 118 and 120, can be 
eliminated by configuring the first mirror 50 to reflect the tenth polarized laser output 
152 to the second mirror 52 and configuring the second mirror 52 to reflect the tenth 
polarized laser output 152 to the polarizing beam splitter 66. 

First and second tests were performed using a first test arrangement similar to 
the preferred embodiment 37. In the first test, the speckle reducing arrangement 68 



lis was not present. In the second test, the speckle reducing arrangement 68 was 

I a present. Theoretically, the speckle reducing arrangement 68 should reduce the 

contrast by a reduction factor of .707 = lf\^ since the speckle reducing 
arrangement 68 doubles the number of uncorrelated speckle patterns. In the first test, 
the contrast was found to be 56.8%. In the second test, the contrast was found to be 
I'p 42.2%. This amounted to a reduction factor of .743, which is close to the theoretical 

Q lunit of .707. 

It It will be readily apparent to one skilled in the art that other various 

modifications may be made to the preferred embodiment without departing from the 
spirit and scope of the invention as defined by the appended claims. 



- 19 - 



